A molybdenite-quartz stockwork and other quartz stockworks bearing traces of molybdenum, bismuth, and silver are in small diorite plutons.
Large areas of moderately hydrothermally altered metasediments bearing trace molybdenum are also present.
These mineralized zones are not cogenetic with the gold-stibnite-quartz deposits.
A separate stream-sediment sampling program has shown the area southeast of Meshaheed to be anomalous in lead, copper, boron, tin, iron, and molybdenum, and a preliminary geophysical survey found resistivity anomalies coincident with the altered, intrusive basalt. INTRODUCTION The area of this report is approximately 18 by 10 km, extending northeast of Jabal Qut'n, a large granitic inselberg that serves as a landmark in the northeastern Arabian Shield.
Most of the study, however, was made at Meshaheed (MODS 1266), a smaller area of about 3 by 5 km located at lat 26 0 09'32" N., long 42°25'26" E. (fig. I) , and defined by several groupings of ancient workings. The region in general consists of low hills, broad pediments, and poorly developed drainage systems.
At Meshaheed, a group of low, sharp hills occupies the western part of the area.
Previous work in the area in recent times evidently consisted of sampling several of the ancient dumps by pitting. A few of the sample pits were found during our study, but no records appear to be available. This work was probably done by the Saudi Arabian Mining Syndicate headquartered at Mahd adh Dhahab, since they were known to be active in the region. Mytton (1970) , U.S. Geological Survey (USGS), made a reconnaissance study of mineral deposits in the Wadi ar Rimah quadrangle and described some of the ancient mines at Meshaheed. Williams (1983) , USGS, mapped the geology of the 1:100,000-scale Samirah quadrangle, 26/42 C, which includes the Meshaheed area, and some of his observations are used in this report.
Field work by the authors began in the field season 1401/02 AH and consisted of general reconnaissance from a helicopter.
Detailed mapping and sampling of ancient mines and reconnaissance-type geologic mapping of the area, in general, were completed in the latter part of 1402. Ancient workings were sampled by collecting quartz and, in places, altered wall rocks from dumps.
Nearly all of the pits and trenches are now filled with mining debris and wind-blown sand. Quartz veins in place are evident in only very limited zones. Hydrothermally altered rocks were sampled by collecting rock chips at various intervals.
More than 300 samples were gathered for analyses for gold and silver using the atomic absorption method and for analyses of twenty-eight additional elements using semiquantitative spectrographic methods.
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GENERAL GEOLOGY

Murdama group metasediments
The oldest rocks in the area are in the Murdama group of late Proterozoic age. They are mostly fineto medium-grained, immature clastic metasediments, including siltstone, lithic sandstone, and graywacke (pi. 1).
Most of the sedimentary rocks are somewhat calcareous, slightly metamorphosed, contain minor micaceous minerals, and display incipient cleavage. They form low, rounded hills and weather dark gray.
Linear trends indicating stratification and fracture cleavage can be seen on aerial photographs, but are not apparent in many outcrops. The rocks generally have the same appearance over most of the region.
Sediments are altered to hornfels near felsic plutons, and the hornfelsic aureole on the northeast side of Jabal Qut'n contains appreciable pyrrhotite.
A relatively thin interbed of metabasalt is in the east-central part of the mapped area (pi. 1). These rocks generally dip steeply north, weather dark green and, in places, display pillow structures. No other volcanic sequences are known in the area.
Basalt intrusive
A sub-volcanic, basaltic intrusive in Murdama group metasedimentary rocks (pi. 1) is approximately 1.5 km in diameter and forms low hills.
The basalt is normally aphanitic, dark gray, and, in places, contains 2-5 percent disseminated pyrrhotite, but locally the rock is porphyritic containing plagioclase phenocrysts.
Some of the basalt has been hydrothermally altered to kaolinite, siliceous, and carbonate minerals with accompanying disseminated pyrite.
The altered areas are identified by rock colors of red, brown, tan, maroon, and cream.
Plagioclase porphyry A small, fine-grained, felsic plagioclase porphyry intrudes the sub-volcanic basalt and Murdama group metasediments (pi. 1).
This rock weathers tan, forms small sharp hills, and consists of plagioclase phenocrysts as long as 5 mm set in a groundmass of anhedral quartz, amphibole, and biotite. The plagioclase has been partially altered to sericite and kaolinite, and pyrite is disseminated throughout.
Diorite
Rocks of dioritic composition intrude both Murdama group metasediments and intrusive basalt in the form of small plutons, or large dikes or sills in many places in the Meshaheed area (pi. 1). The largest of the plutons is approximately 4 km long, but most are much smaller.
The rock is a mediumgrained, hornblende-plagioclase diorite.
The largest pluton in the northwest corner of the mapped area, and three satellitic plutons south are deeply eroded and have formed contact metamorphic aureoles in the surrounding metasediments, whereas the other plutons form sharp hills and do not have metamorphic aureoles.
Consequently, the present erosion surface is believed to expose different levels of intrusion; rocks with contact aureoles represent the deeper, hotter parts of the magma, and smaller plutons with no metamorphic aureoles are probably cupolas, representing higher and cooler parts.
The diorite has been subjected to moderate kaolinitesericite hydrothermal alteration in many parts of the plutons.
The largest pluton has been intruded by a series of light-gray felsic dikes that were not studied in detail.
Jabal Qut'n granite The large pluton in the southernmost part of the mapped area (pi. 1) consists of coarse-grained, peraluminous granite (Williams, 1983) ; deeper parts of the pluton are now exposed by erosion.
Fluorite is found locally, but details of geology and geochemistry were not studied by the authors.
Pink granite dike
One large, pink, medium-grained granite dike, evidently controlled by northeast-striking faults, extends into the east part of the mapped area (pi. 1).
It stands well above the present erosion surface of the enclosing metasedimentary rocks. It was not studied in detail by the authors.
STRUCTURE
Two major fault systems are prominent in the area: A northeast-trending (N. 40°-60° E.) set that cuts sedimentary rocks in a zone extending from Jabal Qut'n into the Meshaheed mineral zone, and a younger system of west-northwest striking Najd-type faults which offset left-laterally the northeasttrending set (pi. 1).
The major vein system at Meshaheed is part of the northeast-trending fault set, which is also occupied by the large, pink granite dike.
Both fault sets were controls for intrusion of small diorite plutons and felsic dikes.
Large-scale movement in an area southwest of Meshaheed is indicated by juxtaposed blocks of metasediments on opposite sides of Najd-type faults where strike of bedding is at right angles and where rocks are intensely folded in zones adjacent to both fault systems (pi. 1).
Numerous quartz-filled faults striking from northwest to northeast were mapped at Meshaheed. In addition, a major set striking N. 80° E. has provided access for intrusion of diorite just east of the mineralized zone and at Quartz Hill No. 1.
These faults are probably contemporaneous with and subsidiary to the major northeast-striking set.
The quartz veins at Asha North (pi. 1) are quartz-filled fractures spatially related to a Najd-type fault which, according to aeromagnetic data, is a major fault that crosscuts a large area in this part of the Shield.
The quartz veins here strike N. 55° W. Experience wit,h other veins adjacent to Najd-type faults outside the mapped area indicates that quartz-filled fractures generally follow two directions: N. 45°-55° W. and north.
These faults are probably subsidiary to, and contemporaneous with, Najd-type faults.
ECONOMIC GEOLOGY
The most important mineral deposits in the Meshaheed area known at present are gold-stibnite-quartz veins in Murdama group metasedimentary rocks. These veins are also in diorite plutons and sub-volcanic basalt (pi. 1).
Stockwork molybdenite-quartz veins are found within the diorite pluton at Quartz Hill No. 1, and quartz-vein stockworks at Quartz Hill Nos. 2 and 3 contain minor amounts of molybdenum; appreciable amounts of silver were found in one vein.
Altered metasedimentary wall rocks contain gold in some areas, but the importance of this mineralization has not been investigated thoroughly.
Hydrothermal alteration includes zones of kaolinization and pyritization in small diorite intrusives at Quartz Hill Nos.
1, 2, and 3. Kaolinization, carbonatization, pyritization, and pyri notitizf. tion have altered sub-volcanic basalt and plagioclase porphyry at Meshaheed. Diorite plutons west of Meshaheed have been kaolinized and sericitized locally.
A zone of no-^erately kaolinized metasediments extends northeast from Jabai Qut'n (pi. 1).
Within these areas the normally gray :o dark-gray metasediments are tan, light brown, and red brown. The extent of wall rock alteration associated with gold-stibnite-quartz veins in metasediments is difficult to estimate because of lack of exposures, but some of the ancient dumps contain appreciable metasedirnentary rocks moderately to intensely altered to kaolinite, sericite, and pyrite.
Northeast-trending gold-stibnite-quartz veins in metasediments and diorite
The principal gold-stibnite-quartz vein system strikes approximately N. 40° E., passes through Quartz Hill No. 1, and was formed mainly by fracture-filling in metasediments (pi. 1, fig. 2 ). Outcrops at the southwest part of the vein system disclose iron-stained quartz 2 m thick with near vertical dip, but outcrops in the northwest part of the vein system display quartz veins 30-40 cm thick.
Between these two zones, there are no vein outcrops and observations must depend on quartz vein fragments on ancient dumps.
Judging from the spacing of workings and the size of quartz fragments on dumps, the veins appear to be discontinuous, lenticular, and range in thickness from 40 to 80 cm. Most of the quartz is milky, tan, streaked gray, slightly fractured and iron stained.
Only minor pyrite in quartz, was noted in veins southwest of Quartz Hill No. l f but appreciable stibnite in quartz was found in and northeast of the Quartz Hill No. 1 area. Malachite stains appear to correlate with the presence of stibnite, but copper sulfide minerals were not seen. In hand specimen, the stibnite is steel gray, finely crystalline, and ranges from microfracture filling to massive pods in quartz.
Weathered stibnite is ordinarily enclosed by a thin layer of yellow-orange secondary mineral. Free gold was not noted during field work on these veins, but microscopic examination of polished stibnite revealed tiny blebs of gold in that mineral.
Summary of analytical data Quartz veins were sampled wherever possible, but most samplec consist of quartz gathered indiscriminately from ancient dumps.
Sample locations are shown on plate 1 and figure 2, and atomic absorption data are given in contained gold in the range 7.0-89.2 ppm r and silver in the range 9.0-90.0 ppm (table 1). All these samples contained stibnite in appreciable amounts, and all were collected near Quartz Hill No. 1 (pi. 1, fig. 2, table 1) .
Samples of the vein system southwest and northeast of Quartz Hill No. 1 gave ranges of 0.4-4.0 ppm gold, 0.6-7.1 ppm silver; and Trace-0.4 ppm gold, Nil-13.5 ppm silver, respectively. Stibnite-bearing quartz samples collected near the northeast end of the vein system contained minor amounts of gold and moderate amounts of silver. The mean gold and silver contents for 28 samples are 9,1 and 10.7 ppm, respectively, making a gold/silver ratio of 0.85. The northeast end of the vein system contains low values in precious metals and it appears that veins in this area branch, change directions, and terminate. However, low precious metal assays were also obtained from a large outcropping vein on the southwest extension, but here the veins may extend beneath the alluvium further southwest.
Emission spectrographic data indicate that quartz samples have low base metal and high arsenic and antimony contents. Bismuth was found in a few samples in the range 20-30 ppm.
Gold-stibnite-quartz veins and veinlets in basalt
A sub-parallel gold-stibnite-quartz vein system cuts intrusive basalt and centers c.i a hydrothermally altered zone in that rock (pi. 1).
This vein system is much less distinct, and only limited areas show vein-wall rock contacts. In most places, veins are only vaguely defined, mainly by the presence of stibnite; fist-sized fragments of weathered vein rubble containing stibnite were found adjacent and southwest of sample point 200014 (014 on pi. 1). Several other points within the altered zone disclose stibnite in very limited and vaguely defined veins or veinlets. Hydrothermal alteration, and alluvium and talus cover make study of rocks in this zone difficult.
However, thin sections from several basalt samples collected within the altered zone showed moderate to intense silicification, kaolinization, carbonatization, pyritization, and pyrrhotitization.
All thin sections of the altered and fractured basalt reveal cross-cutting, quartzand-pyrite-filled fractures and microfractures that are ordinarily less than 1 mm thick.
Evidently, the basalt has reacted differently than the metasediments under conditions of shearing and has developed intricate systems of fractures and microfractures enabling quartz, pyrite, and perhaps stibnite and gold to be precipitated in small openings to form quartz stockworks.
A small felsic plagioclase porphyry has intruded basalt and is the only rock of this type found in the mapped area. The feldspar crystals are partially replaced by sericite and kaolinite, and fine pyrite is disseminated throughout. Sample No. 200264 (table 2, pi. 1) of this rock contained a notable 20 ppm tin.
Summary of analytical data
Most samples are from quartz, or altered wall rock gathered from ancient dumps, but one sample of nearly pure stibnite was collected from weathered vein rubble. Sample number 200016 is a 16-m rock-chip sample traverse across hydrothermally altered basalt and the projection of a quartzstibnite vein. The range of values for ten samples collected within the altered zone (pi. 1, table 2) is gold <0.1-13.6 ppm and silver 0.3-6.0 ppm. Mean gold and silver values are 3.8 and 2.3 ppm, making the gold/silver ratio 1.65 in this area.
Emission spectrographic analytical results show erratic high ranges for the following elements:
arsenic, 200-1000 ppm, and antimony, 500->10,000 ppm. One sample contained 20 ppm bismuth, and one contained 50 ppm tungsten.
The base metal content of the samples was noticeably low.
Mineral zones of indeterminate character in basalt
Numerous small, ancient workings in the intrusive basalt are east and adjacent to the gold-stibnite-quartz system in the same rock.
They are described differently because dump material apparently does not contain the normal quartzstibnite fragments found in adjacent areas. Dark-gray quartz with abundant hematite and, in places, limonite was collected for sampling, but none of the samples contained gold, arsenic, or antimony (pi. 1, table 2).
Some of the basalt on dumps is relatively unaltered and contains disseminated pyrrhotite, but other specimens are altered and cut by quartzpyrite veinlet stockworks.
One such polished specimen contains tiny crystals of sphalerite and chalcopyrite. Detailed examination of rock specimens collected from this zone indicates that many of the workings are on, or near, contacts of basalt with diorite.
These are not shown on plate 1 because of the small scale.
These workings trend northeast, northwest, and north, and veins within the zone are probably on subsidiary, secondorder fractures to the major northeast-trending set. Most of the zone is covered by talus, and rock is exposed only in small drainages.
Analytical aata ror sampling in niu Kellelai rieuuaiieeu ai.ca [Sample localities are shown on plate 1. Values ia parts per millioa (ppm). Detection limits for semiquantitative emission spectrographic analyses are: arsenic (As) 200 ppm, antimony (Sb) 100 ppm; > » greater than; < -less than;
» not detected) Gold-stibnite-quartz veins in diorite Several other limited zones of gold-stibnite-quartz veining were found during our studies of the Meshaheed area. At sample locality 200147 (pi. l f table 2) a quartz vein bearing abundant stibnite strikes S. 55° E. and is defined by a small ancient trench about 20 m long.
The workings are in a small area of hydrothermally altered diorite and the quartz is impregnated with iron oxide and has been brecciated and resealed by quartz.
These workings are on the southwest extension of the major gold-stibnite-quartz vein-fracture system (pi. 1), but the strike of the ancient trenches indicates that the quartz veins here are on a second-order fracture set. At sample localities 200142 and 200143 (pi. 1, table 2) f small areas of ancient pits and trenches in diorite also contain quartz, stibnite, and gold in much the same manner as those described above.
Alignment of trenches, however, are east-west, indicating that-these veins are on second-order fractures related to a major west-northwesttrending Najd-type fault.
Stibnite in quartz was also found in minor amounts in the large diorite pluton in the northwest corner of the mapped area, but this mineral appears to be much less common in this region.
Gold-quartz veins and veinlets in metasediments and diorite
Several groupings of ancient workings on both east and west sides of the large diorite pluton are given the names Pluton Southeast, Northwest, West, and Southwest for identification purposes (pi. 1, figs. 3 and 4).
Nearly all of the workings are in hornfelsed metasedimentary rocks on the periphery of the pluton, and nowhere in this region are veins or veinlets exposed. Minor quartz remains on dumps, but judging from the size of the fragments and the type of mining employed, it seems probable that in much of the area, quartz veinlets were worked for their gold content. For example, Pluton Southeast ancient workings is a series of pits, each approximately 5 m in diameter, closely adjoined, and extending 600 m north-south, and as much as 40 m east-west ( fig. 3) . Quartz which remains on dumps is coarsely crystalline to vuggy, to saccharoidal, faintly iron stained, in places, clear to transluscent, and locally gray, but ordinarily milky. Calcite is a minor constituent, but pyrite was not observed. Free gold in thin fractures and adjacent to chlorite clots in quartz was found in this area.
The Pluton Southeast ancient workings are entirely in metasediments, but Pluton Northwest trenches are in diorite, and Pluton West and Southwest workings are near, or on, the metasediment-diorite contacts, mostly in metasediments, but partly in diorite (pi. 1, figs. 3 and 4) . figs. 3 and 4) .
SOU THfAS
The mapping shows size and arrangement of the ancient pits. The pits were sampled by collecting quartz from dumps around their perimeters, but it must be noted that many dumps had very sparse quartz.
Consequently, it is questionable whether the gold content of this dump material is indicative of the tenor of the ore mined and treated by the ancients.
However, no sampling method short of trenching, pitting, or drilling would give better information. Wall rock from dumps was also sampled in places.
Gold and silver values for all sampling in these ancient mining areas are shown in figures 3 and 4. Emission spectrographic data for 30 elements are not given in tables because of the large number of samples involved, but may be obtained from the Rock Analysis Storage System (RASS) files of the USGS in Jiddah.
Notable amounts of any element shown in spectrographic analytical data are given in the text.
Summary of analytical data
Pluton Southeast ancient workings. Sampling gave very erraticresults( fig.371of 88 samples of quartz material collected from dumps, 66 contained less than 1 ppm gold, but the range of gold content for the remaining samples was LI-421. 3 ppm.
The gold/silver ratio for all 88 samples is 9.2, which probably signifies that free gold is important in this deposit.
Very high gold content of a few samples also indicates that the metal is in rich pockets in the quartz, although one sample of altered wall rock assayed 18.1 ppm gold.
Emission spectrographic analytical results show that some elements are erratically high in the following ranges: arsenic 200-300 ppm, copper 200-1000 ppm, antimony 200-2000 ppm, and lead 200-500 ppm.
Several samples contained 10-15 ppm tin.
Pluton Northwest ancient workings. These workings in diorite consist of a series of pits and trenches approximately 140 m long.
All quartz samples collected from dumps ran less than 1 ppm gold, and silver values were from Trace to 2.1 ppm (fig. 4) . Emission spectrographic analytical data gave the following ranges:
arsenic Nil-3000 ppm, and antimony Nil->10,000 ppm.
Low values were obtained for copper, lead, and zinc.
Pluton West ancient workings. This group of ancient workings can be divided into two sets: a north-trending array of pits in metasediments, and a west-trending group which is mainly in diorite (fig. 4) 
According to emission spectrographic determinations, nine samples contained arsenic in the 200-700 ppm range, and none of the samples contained detectable antimony.
Pluton Southwest ancient workings. This set of workings cross the metasediment-diorite contact; 22 samples of quartz from dumps were gathered. The range of values is gold Trace-56.7 ppm and silver 0.5-18.1 ppm.
Twelve samples contained less than 1 ppm gold (fig. 4) .
Mean gold and silver assay values were not calculated because of erratically high values.
The gold/silver ratio is 1.8 and emission spectrographic analyses found three samples * containing arsenic in the 300-700 ppm range, and two samples containing 150 and 3000 pprn tungsten.
Quartz stockworks in diorite plutons
Three small, moderately hydrothermally altered diorite plutons, named Quartz Hill Nos. 1, 2, and 3, intrude metasediments in the mapped area (pi. 1).
All are cut by quartz stockworks, are moderately pyritized, and are mostly covered by quartz vein rubble.
Quartz Hill Nos. 2 and 3 are widely separated from Quartz Hill No. 1, but because of their similarity they are described together.
All three plutons were cursorily mapped and sampled in order to determine their relationship with gold-stibnitequartz veins, and to learn something of their geochemical nature ( fig. 2) .
Quartz Hill No. 1 Quartz Hill No. 1 consists of a diorite pluton that has been fractured, invaded by quartz stockworks, and completely metasomatized to quartz locally.
The remainder of the diorite is slightly to moderately kaolinized, and has undergone varying degrees of pyritization.
Apparently several ages of quartz have invaded the diorite, some of which is folded, but there was no attempt to study this during detailed mapping ( fig. 2) .
The main characteristic of the mineralization brought out by mapping and sampling is the distinct nature of the quartz stockwork as opposed to the gold-stibnite-quartz system in the area. Figure 2 shows ancient workings adjacent to, and within, the diorite pluton. These workings are on gold-stibnite-quartz veins which cut the diorite pluton in a northeast direction and are, as indicated on plate 1, part of the northeast-trending system. The quartz veinlet stockwork and larger veins and masses within the pluton contain molybdenite and very low values in precious metals ( fig. 2, table  3) .
In fact r detailed sampling has shown that the higher precious metal values were obtained from quartz on ancient dumps or from diorite with quartz veinlet stockworks. on the projection of the northeast-trending quartz vein system. The quartz-molybdenum stockwork and vein system contains molybdenite in flakes as much as 3 mm in diameter, but normally very finely disseminated molybdenite gives the quartz a spotted, blue-gray texture locally. Pyrite is very sparse or is absent from the stockwork. Table 3 shows analytical data for samples from Quartz Hill No. 1.
Quartz from dumps of ancient workings contained relatively high arsenic and antimony in addition to precious metal values; molybdenum values are low or absent in three samples. On the other hand, samples from diorite with quartz veinlets or from quartz veins or veinlets in the stockwork system gave assay results generally high in molybdenum and erratically high in arsenic and antimony.
Bismuth in the 20-50 ppm range is a common constituent.
Quartz Hill Nos. 2 and 3
Preliminary mapping and sampling has indicated the similarity of these plutons with Quartz Hill No. l f the exception being the absence of an associated gold-stibnitequartz vein system. Both plutons are moderately altered to quartz, sericite, kaolinite, and pyrite, and both contain fracture filling quartz veins and stockworks ( fig. 2) . Pyrite accompanies the quartz, but molybdenite was not seen. Because of potential analytical errors in the gold values initially reported to two decimal places, the authors have chosen to round off the gold values to the first decimal place.
The authors do not care to interpret these analyses. These data show gold values in the range 0.6-0.8 ppm and silver in the range Nil-<0.5 ppm.
Eight samples contained molybdenum in the range 5-50 ppm, and three samples contained bismuth in the range 15-100 ppm. [Sample localities are shown on figure 2-C and place 1. Values in parts per million (ppm). Detection limits for semiquantitatlve emission spectrographic analyses are: arsenic (As) 200 ppm, antimony (Sb) 100 ppm; > " greater than; < -less than; -not detected) According to the tabulated data, all samples contained gold in the range 0.6-0.9 ppm f and all except two samples contained less than 0.5 ppm silver; a sample of pyritized diorite contained 0.7 ppm and a moderately iron-stained quartz vein sample contained 47.0 ppm silver.
This sample also contained 70 ppm bismuth and 150 ppm lead.
Six samples contained molybdenum in the range 5-15 ppm.
One sample of quartz vein contained 300 ppm arsenic, otherwise, arsenic and antimony are noticeably absent from the area.
Geochemistry of hydrothermally altered zones in metasediments
Twenty-three rock-chip samples were collected from altered areas in metasediments in order to determine the geochemical characteristics of the hydrothermal system which affected the area (pi. 1, table 6).
All samples had low gold and silver contents and emission spectrographic analyses detected molybdenum in the 5-10 ppm range in eight samples. Otherwise, no unusual amount of any element was found.
Asha North ancient workings
The ancient workings at Asha North (pi. 1, table 2) consist of a line of trenches 120 m long, trending N. 55° W. Quartz on dumps is iron stained and milky white.
The veins are evidently in metasediments, but are now covered by mining debris.
Analytical results for two grab samples of quartz (147831, 147832) from dumps ran 0.2 and 1.2 ppm gold and Trace and 3.7 ppm silver. Assay values were low in all other metals.
STATISTICAL STUDIES OF ANALYTICAL DATA
Mapping in the Meshaheed area has indicated that at least two periods of mineral deposition are evident in the zone; namely the formation of the gold-stibnite-quartz veins and the molybdenite-quartz stockwork at Quartz Hill No. 1. Analyses from samples at Quartz Hill Nos. 2 and 3, and in hydrothermally altered metasediments gave erratically low molybdenum values, and for this reason both of the zones were suspected of being contemporaneous with the molybdenitequartz stockwork at Quartz Hill No. 1.
In order to study this aspect further all sampling in the Meshaheed area was grouped into four classes:
(1) Meshaheed area northeaststriking gold-stibnite-quartz veins; (2) Quartz Hill No. 1 molybdenite-quartz; (3) Quartz Hill Nos. 2 and 3; and (4) hydrothermally altered metasediments.
Tables A1-A4 in the Zn-140
Mo-7 Mo-7
Mo-10 Mo-5
Mo-5 Mo-7
Mo-7 appendix are correlation matrices for the metals analyzed for among the four sample classes.
The Meshaheed vein system contains arsenic and antimony in 28 pairs, whereas, samples from the remaining groups contain no detectable amounts of these metals. The correlation of gold with other elements was not particularly helpful when considering trends among data groups; only a moderate correlation with antimony stands out as unique. Silver correlates moderately well with copper, lead and antimony in the Meshaheed vein system group, whereas, only silver and copper were moderately correlative in altered metasediment samples.
Probably molybdenum is the most useful element in comparing different groups, since it is present in varying amounts in all data sets and appears to correlate differently among them.
Molybdenum is moderately correlative with arsenic, barium, antimony, and zirconium in the Meshaheed vein system samples.
Quartz Hill No. 1 samples show moderate negative correlations of molybdenum with iron, magnesium, calcium, manganese, copper, and strontium; samples from Quartz Hill Nos. 2 and 3 and from altered metasediments show moderate to high positive correlation between molybdenum and iron, magnesium, calcium, manganese, and copper.
Copper correlates moderately well with lead, antimony, zirconium, and silver in Meshaheed veins only, again, making the vein system unique from other sampled areas.
These studies indicate that the Meshaheed gold-stibnitequartz vein system was derived from a different stage of mineral deposition than that of the quartz-molybdenite stockwork at Quartz Hill No. 1.
The correlation coefficients of various elements at Quartz Hill Nos. 2 and 3 are unlike those of Quartz Hill No. 1, but resemble those of the altered metasediments suggesting that there may have been several periods and types of metallization in the entire area.
REGIONAL GEOCHEMISTRY
A program of wadi sediment sampling has been completed by the USGS in a large area of the northern Arabian Shield, which includes the Meshaheed area. This program, conducted by R. M. Samater, included gathering wadi sediments on a density of approximately one sample per square kilometer and saving the panned fraction minus magnetic material for emission spectrographic analysis.
Analytical data for all samples collected within the Jabal Habashi quadrangle, 26F , were given to the USGS, Denver, Colorado for statistical analysis, and results of this work identified the Meshaheed area as anomalous in some metals. Specifically, using R-mode factor analysis, an area southeast and adjacent to Meshaheed is anomalous in lead, copper, boron, and tin (Alien and others,, 1984) .
In addition, single-element analyses indicate significant concentrations of lead, copper, boron, tin, iron, and molybdenum.
GEOPHYSICAL STUDIES
Preliminary geophysical studies made at Meshaheed by Flanigan and Zablocki (1984) consisted of audio-magnetotelluric and telluric-electric methods, which meas-ure the relative resistivities of subsurface materials; the resistivity is a function of the clay therein. These geophysical methods were being tested for the first time in Arabian Shield rocks, and one traverse nearly east-west across the hydrothermally altered intrusive basalt at Meshaheed extended approximately 7.5 km (pi. 1).
A large anomalous low-resistivity zone was found to be about 2 km in width and to extend to depths in excess of several kilometers. Flanigan and Zablocki pointed out that (1) this zone coincides with the surface extent of the exposed altered sub-volcanic basalt (ba on pi. 1 ); (2) the most electrically conductive part coincides exactly with the location of the exposed, highly altered plagioclase porphyry felsic intrusive (pp on pi. 1); (3) the low resistivities are caused by the relatively higher content of clay minerals in altered rocks in contrast to the unaltered igneous or metasedimentary rocks in the surrounding area.
The telluric-electric method also revealed a zone of extremely low resistivity in an area about 1 km east of the intrusive basalt.
Concerning this, Flanigan and Zablocki indicate the possibility that this area is underlain by similar, if not more intensely altered rocks.
GEOLOGIC HISTORY
Although some data are absent and time relationships have not been established concerning certain geological events, the sequence of geological activities that lead to mineralization at Meshaheed probably occurred in the following order: The initial phase was folding of metasediments and the formation of northeast-trending faults, probably concurrent with the intrusion of basalt.
Continued movement on northeasttrending faults fractured the basalt and opened channelways in metasediments.
Subsequent northwest-trending Najd-type faults formed, and diorite intruded both fault sets to form cupolas. Hydrothermal systems, perhaps a subsequent phase of dioritic or granitic intrusive activity, then deposited molybdenite-quartz stockworks in Quartz Hill No. 1 and later deposited quartz stockworks in Quartz Hill Nos. 2 and 3. Large areas of metasediments were moderately hydrothermally altered along fault systems at this time. The final phase of hydrothermal activity was the alteration of basalt and diorite and deposition of gold-quartz-stibnite in fractures.
DISCUSSION
Any discussion of the genesis of molybdenite or gold mineralization at Meshaheed must take into account the presence of nearby granite at Jabal Qut'n. This mineralization is similar in many respects to base and precious metal deposits spacially associated with the granite plutons, Jabal Silsilah and Baid al Jimalah, which are relatively near the Meshaheed area ( fig. 5) .
Although the Meshaheed area is 10 km north of the Jabal Qut'n granite pluton, the belt of alteration extending north from the jabal into the Meshaheed area may be related to Meshaheed mineralization (see plate 1). In addition, the presence of molybdenum in widely spaced stockworks in small diorite plutons and also in the altered metasediments appears to be significant since it points to a condition where similar hydrothermal systems were active in this large area.
The Jabal Qut'n granite, studied by Stuckless and others ((., ~w>o) t is weakly to strongly peralurninous and highly radioactive.
They suggest a similarity with the Baid al Jimalah granite ( fig. 5 ), which is associated with tungsten, tin, and base metals.
At the Baid al Jimalah deposit, wolframitebearing quartz veins in a small greisenized granite are located 2 km northwest of lead-zinc-silver veins in a volcanoclastic conglomerate.
Element zoning in the rocks of the prospect area suggests that there was a decreasing pressuretemperature gradient southeastward from the Baid al Jimalah tungsten-bearing granite outcrop to the east prospect leadzinc-silver area at the time of hydrothermal activity (Lofts, 1982, p. 180) .
According to Lofts, the lead-zinc-silver veins of the east prospect area are cogenetic with the veins of the west prospect.
Radiometric dating by Stacey and Stoeser (1982) using U/Pb ratios in zircon from Baid al Jimalah and by Hedge (written commun., 1983) using K/Ar and Rb/Sr dating methods for Jabal Qut'n place the ages of both granites at 575 Ma, thus, they are similar in both composition and age.
Little work has been done at Jabal Qut'n, but the granite may be anomalous in tin content.
Samater sampled stream sediments in and around the jabal and found tin values as high as 500 ppm, and Smith collected a sample of fluoritebearing granite that contained 30 ppm tin.
The nearby fluorite-bearing peraluminous granite at Jabal Silsilah is associated with tin and tungsten deposits and is part of a ring complex of mainly peralkaline granites (see fig. 5 ).
In the Shiaila area, just north of the ring complex, is a group of gold-stibnite-quartz veins in metasediments.
Unfortunately, the gold deposits have not been studied in detail to date, but studies of the peraluminous granite and associated tin tungsten deposits (du Bray, 1984) indicate that this region may fit a geochemical pattern similar to Baid al Jimalah arid Jabal Qut' n-Meshaheed.
RECOMMENDATIONS
Further work in much of the area is recommended to include a more thorough study of all of the mineralized zones known to date, and other studies of a more general nature. Specifically, in a zone immediately southeast of Meshaheed, rock-chip sampling for geochemical studies may reveal the source of the geochemical anomalies in stream sediments. Sampling could be done on a grid system and more detailed mapping carried out at the same time. Trenching and detailed sampling should be done where gold veins are obscured; this would require many trenches over much of the Meshaheed study area.
The intrusive basalt should be mapped in detail, and rock-chip samples should be gathered for geochemical studies; trenching in this zone would be advisable because of cover. All three hydrothermally altered diorite intrusive bodies (Quartz Hill Nos. 1, 2, and 3) with stockworks should be mapped and sampled in more detail, with special emphasis on the sequence of deposition relationships with gold-stibnitequartz veins, and the elements in the deposits. If possible, more extensive geophysical studies including electrictelluric and audio-magnetotelluric methods could be employed to better define the subsurface geometry of the hydrotherrnally altered rocks.
In conjunction with this, a detailed mapping and sampling program should be made in the region of the telluric-electric resistivity low which is about 1 krn east of the basalt intrusive. No detailed studies have been made in this area to date.
In addition, induced potential geophysical surveys would be useful where disseminated sulfides are present, especially in the sub-volcanic basalt.
The juncture of two fracture systems at Quartz Hill No. 1 evidently provided access for the intrusion of the small diorite cupola (pi. 1), and continued movement allowed for fracturing of diorite and the deposition of quartz and molybdenite in openings. Subsequent movement along northeast fractures apparently gave access to gold-stibnite-quartz deposition to the extent that the most intensive gold deposition in the fracture system is found within this zone. Consequently, junctures of fracture systems appear to have influenced greater gold deposition.
Therefore, it is suggested that a close examination of the area for this type of feature may lead to additional discoveries.
Much of the region is covered by recent alluvium a.nd such structural relations may be obscured, but low-level aerial phonography, and careful mapping may delineate fracture systems which project into covered zones. The following tables show correlation analyses (matrices) for metal pairs among four sample classes:
(1) Meshaheed area northeast-striking gold-stibnite-quartz veins, (2) Quartz Hill No. 1 molybdenite-quartz, (3) Quartz Hill Nos. 2 and 3, and (4) hydrothermally altered metasediments. Atomic absorption analytical data were used for gold and silver, and semiquantitative spectrographic data for the remaining elements.
The emission spectrographic method is limited in application to statistical analysis because of the high detection limits for many elements.
Nevertheless, despite the absence of information regarding certain elements, the method is considered useful provided that trends or patterns within groups are noted.
The matrices indicate correlation coefficients for the various metal pairs (above the diagonal) and the number of samples upon which the calculations are based (below the diagonal).
Numbers along the diagonal are the standard deviations of the variables for unqualified values (those between the lower and upper limits of detection).
If either of the elements in a sample was not detected, then the sample was dropped from the calculation.
In cases where there were no valid metal pairs or where one of the elements had no variance, the tables show a series of asterisks. 
